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Overview
Energetic particles are thought to be accelerated at shock waves by a process known as diffusive shock
acceleration (DSA). Some other mechanism should also be responsible for the acceleration of particles.
Charged particles trapped in merging magnetic islands can be accelerated by the electric field
generated by magnetic island merging and the contraction of magnetic islands. We show that stochastic
particle acceleration in a “sea of magnetic islands” power law-like solution with an index that depends on
the Alfven Mach number and the ratio of the diffusive to the island contraction time scale.

Key Findings
The heliospheric current sheet (HCS) is thought to
have an elevated population of magnetic islands.
We consider a combination of diffusive shock
acceleration (DSA) and downstream reconnectionrelated effects associated with the dynamical
evolution of a “sea of magnetic islands” as a
mechanism for the energization of charged
particles. These possible processes are illustrated
below.

DSA+Plasmoid solution:
We find that:
i) the accelerated particle
spectrum is a power law
in particle speed, flatter
than that derived from
conventional DSA theory;
In plotted figure:
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ii) for a given energy, the particle intensity peaks
downstream of the shock, and the peak location
occurs further downstream of the shock with
increasing particle energy.
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Current sheet solution: Plotted below is the
normalized solution for particles accelerated by the
anti-reconnection electric field and magnetic island
contraction. These solutions assume that MA = 7.
The power law indices range from ~-3.2 to ~-3.7.
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iii) the particle intensity amplification for a particular
particle energy is not 1, as predicted by DSA theory,
but increases with increasing particle energy.
In above figure, the proton flux of a particular energy normalized to
its value at the time of the heliospheric shock crossing (left)
compared to the predicted solution curves (right). Left figure
shows 13-day moving averages with 1 day resolution.

Explanation
Impact
Since dissipation via multiply reconnecting
plasmoids in a turbulent plasma should also occur
in subsonic flows, such as in the lower corona,
coronal loops, and the inner heliosheath, it is
possible that the mechanism presented here might
apply to particle acceleration in these regions.
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The energetic particle intensity profile observed by
Voyager 2 downstream of the heliospheric termination
shock appears to support a particle acceleration
mechanism that combines both DSA and magnetic
island
reconnection-related
processes.
These
observations are inconsistent with the prediction of
classical DSA.
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